Introduction and Definitions
'Orphan' is used interchangeably with 'rare' to describe a subset of kidney diseases with a particularly low prevalence, defined by the National Institutes of Health Office of Rare Diseases Research (rarediseases.info.nih. gov) as any condition that affects fewer than 200,000 people in the United States. On the other hand, the European Union considers diseases to be rare when they affect not more than 5 per 10,000 persons ( ! 1 person per 2,000) [1] .
Since many of these diseases are complex and have genetic or metabolic causes, only a few physicians are aware of them, whereas the majority are unlikely to have the necessary experience to diagnose such diseases or offer treatment, hence the delay in diagnosis and therapy. Given that a high proportion of rare kidney diseases have a genetic background, they are often first expressed in childhood with an enormous psychological and physical burden for the affected patients and their families.
Genetic Kidney Diseases
Renal injury with a monogenic cause represents only a small fraction of the total spectrum of renal diseases. The most common types of renal disease are the result of a complex interplay between multiple genetic and envi-c195 ronmental factors, hence the name polygenic kidney diseases.
Single-gene disorders are rare, strongly affect the disease phenotype, manifest early in life, are seldom associated with environmental effects, and are usually detected by linkage mapping. On the other hand, polygenic disorders are more common, exert weak causality on the disease phenotype, manifest later in life, are commonly associated with environmental effects, and are usually detected by genome-wide association studies [2] .
Renal diseases are well represented on the list of rare diseases, and according to the current estimates, include over 100 disorders of transport, development, metabolism, and inflammation [3] . The small patient populations with phenotypic variability imply limited knowledge of the natural course which is all too often difficult to define, lack of standardization of diagnostic procedures and fragmentation of the clinical and biological data collections, and comprise small cohorts restricting the power of clinical studies [4, 5] . This renders comprehensive care particularly challenging due to frequently hidden comorbidities.
Gained knowledge from the fascinating area of research in molecular genetics is immensely and rapidly growing -perhaps more than any other field in medicine. This knowledge will eventually have great clinical impact in terms of elucidating the pathogenesis of variable and complex renal diseases. Having said that, only little progress has been made towards improved diagnosis and therapy of these conditions. The challenge then becomes how this information can be integrated and used for the benefit of patients, their families, and all individuals at risk of developing CKD [6] .
Benefits of Rare Renal Diseases as a Research Priority
A commonly asked question amongst the medical community is why should we focus on rare kidney diseases as a research priority when they are by no means a public health challenge? It is believed that investigative efforts into this unique research area would allow mining a wealth of novel information and knowledge resulting in: (1) unraveling and understanding the underlying genetic defect, and (2) elucidating underlying pathogenetic mechanisms and expanding our knowledge with fundamental insight into many of the renal developmental and physiological functions. This gained knowledge would undoubtedly pave the way to potential development of novel targeted 'mechanism-based' therapeutics, not only for rare kidney diseases, but hopefully for more common renal illnesses as well.
Classification
Numerous classifications of inherited kidney diseases have been proposed, e.g. monogenic versus polygenic, glomerular versus tubular, and structural versus functional disorders.
Genetic disorders of renal growth and structure result in a reduced number of nephrons and/or an abnormal patterning and cellular organization of the renal tissue, e.g. polycystic kidney disease and nephronophthisis-(NPHP; early onset/autosomal recessive) medullary cystic kidney diseases complex (late onset/ autosomal dominant). In contrast, disorders of renal function result in derangement of one of the basic kidney functions, whether glomerular or tubular, that clinically leads to the development of various renal diseases, e.g. nephrotic syndrome and inherited podocyte disease ( table 1 ) .
Inherited disorders of renal structure and function are relatively common causes of end-stage renal disease (ESRD) requiring renal replacement therapy. These represent the fifth most common cause of ESRD after diabetes, hypertension, glomerulonephritis, and pyelonephritis, respectively, with an annual incidence of at least 10% [7, 8] .
Genetic Disorders of Renal Growth and Structure
Perhaps the most pronounced examples in this category are the cystic diseases of the kidney, which are significant contributors to renal malformations and common causes of ESRD. These encompass a number of disorders that range from conditions in which the kidney is either the sole organ affected (isolated NPHP), to pleiotropic syndromes where cystic kidney formation is but one of the observed pathologies with extrarenal involvement (NPHP-associated ciliopathies). The most frequent extrarenal involvement is retinal degeneration, in addition to cerebellar vermis hypoplasia (Joubert syndrome), occipital encephalocele (Meckel-Gruber syndrome), hepatic fibrosis, situs inversus, bronchiectasis, and skeletal defects.
Interestingly, an extensive body of data fueled by a combination of mutation identification in humans and studies in animal models suggests a common thread, where virtually all known renal cystic disease-associated genes encode proteins necessary for aspects of ciliary function [9, 10] . Expanding from that observation, it is now becoming apparent that most -if not all -disorders of the cilium have a cystogenic component, which in turn has placed kidney cyst formation as a hallmark feature of the ciliopathies. There is a rapidly growing list of diseases associated with ciliary dysfunction [11, 12] .
NPHP is an autosomal recessive cystic kidney disease that constitutes the most frequent genetic cause for endstage kidney disease (ESKD) in the first three decades of life. The prevalence in a population of childhood ESKD is estimated at 5% [13] . NPHP and associated ciliopathies had been reported in many countries worldwide [14] [15] [16] . In addition to this apparent variability in the spectrum and severity of phenotype, NPHP is genetically heterogenous. To date, mutations have been identified in 13 different genes (NPHP1-11, NPHP1L, and TTC21B) which altogether account for approximately 30% of patients [17, 18] . The protein products of all of these genes localize on primary cilia and related structures (basal bodies, centrosomes). The disease can be subdivided clinically based on the age of onset of ESKD into infantile, juvenile, and adolescent categories with a Table 1 . Genetic structural and functional renal diseases A DPKD = Autosomal dominant polycystic kidney disease; ARPKD = autosomal recessive polycystic kidney disease; AD = autosomal dominant; AR = autosomal recessive; NPHP = nephronophthisis; SRNS = steroid resistant nephrotic syndrome; SeSAME = seizures, sensorineural deafness, ataxia, mental retardation, and electronic imbalance. 1 Not a rare disease, mostly of late onset.
II. Genetic disorders of renal function
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Nephron Clin Pract 2012;120:c194-c199 c197 median age of onset of 1, 13, and 19 years of age, respectively [19] . Remarkable progress has been made, and is still ongoing, towards gaining an understanding of the genetic, cellular, and molecular basis of the ciliopathies/cystic diseases of the kidney. Undoubtedly, this will give us more insight into disease mechanisms, explain clinical heterogeneity, and facilitate exploring novel therapeutic venues with an increasing level of efficacy and specificity [11] . Increased understanding of ciliary biology will improve the diagnosis and management of NPHP and NPHP-associated ciliopathies [20, 21] .
Genetic Disorders of Renal Function
Approximately 10-20% of children and 40% of adult nephrotic syndrome patients are steroid resistant (SRNS); they are therefore at higher risk of reaching ESKD. SRNS typically manifests histologically as focal segmental glomerulosclerosis, a lesion characterized by sclerosis and podocyte foot process effacement in some of the glo meruli and a part of each entire glomerulus [22, 23] .
It has clearly been shown that inherited structural defects of the glomerular filtration barrier are responsible for a large proportion of SRNS. Genetic studies have identified several genes involved in the development of SRNS, whether autosomal recessive (NPHS1, NPHS2, PLC 1, CD2AP, LAMB2, ITGB4, SCARB2, COQ2, PDDS2, MTTL1, and recently COQ6 and MYO1E) , or autosomal dominant/complex inheritance (TRPC6, ACTN4, WT1, INF2, LMX1B, SMARCAL1) [24] [25] [26] . These breakthrough findings clearly emphasized the pivotal role of the podocyte in the GBM integrity, hence playing a crucial role in the pathogenesis of glomerulopathies.
Algorithms for appropriate mutational screening for SRNS has recently been proposed with a systematic stepwise approach based on: (1) age at onset, (2) familial/sporadic status, (3) type of renal histopathological findings, and (4) presence of extrarenal abnormalities [24] [25] [26] [27] . Of interest, in a Spanish cohort of 125 patients belonging to 110 families, mutations were detected in 100% of congenital onset, 57% of infantile onset, 24 and 36% of early and late childhood-onset, 25% of adolescent-onset, and 14% of adult-onset patients. The most frequently mutated gene was NPHS1 in congenital onset and NPHS2 in the other groups [28] . In adult-onset cases, screening for p.R229Q in the NPHS2 gene is recommended, with analysis of the whole gene if positive. TRPC6 and INF2 testing is indicated only for autosomal dominant late-onset familial focal segmental glomerulosclerosis, with ACTN4 analysis if negative [28, 29] .
Unraveling the underlying genetic defect in SRNS modifies the approach taken to counsel the patients regarding immunosuppressive therapy and the risk of recurrence after renal transplantation since hereditary podocytopathies are associated with poorer renal outcome than the nongenetic variants as they show no or only little response to immunosuppressive agents [30] . Overall, genetic testing of podocyte genes should be considered a diagnostic tool in both pediatric and adult SRNS patients as the identification of a genetic origin of the disease may allow the specification of the prospective clinical course and may, therefore, have a direct implication on therapy regimen and family counseling [31] .
Orphan Kidney Disease Bodies
Nowadays, it is crucial more than ever to establish registries for rare kidney diseases. This enables investigators to study phenotypic characteristics/variability and genotype phenotype correlation in a larger number patients from multiple centers/countries, thereby avoiding fragmentation of data collection and small cohorts that restrict the power of such studies. Examples include the Cure Cystinosis International Registry (cystinosis, https://cystinosis.patientcrossroads.org), European Hyperoxaluria Consortium OxalEurope (primary hyperoxaluria, http://www.oxaleurope.org), PodoNet (podocytopathies, http://www.podonet.org/opencms/opencms/ podonet/podonet_en/home), etc.
Medical information resources and portals were also established and continue to be regularly updated to assist researchers, health care providers, and patients and their families, e.g. National Institute of Health Office of Rare Diseases Research (http://rarediseases.info.nih.gov), Orphanet (www.orpha.net), National Organization for Rare Diseases (NORD; http://www.rarediseases.org), GeneTests (http://www.ncbi.nlm.nih.gov/sites/Gene Tests), etc.
Networks and groups aiming to study causes, pathogenetic mechanisms, and consequences of rare kidney diseases, as well as promoting international collaboration to maximize the gains while avoiding duplication of efforts constitute a step in the right direction. Examples include the ERA-EDTA Working Group on Inherited Kidney Disorders (WGIKD; http://www.era-edta.org/ wgikd/ERA-EDTA_working_group_on_Inherited_kid-ney_disorders.htm) and the European Network for the Study of Orphan Nephropathies (EUNEFRON; http:// www.eunefron.org). Moreover, the FDA Office of Orphan Products Development provides incentives for sponsors to develop products for rare diseases and advances the evaluation and development of products (drugs, biologics, devices, or medical foods) that demonstrate promise for the diagnosis and/or treatment of rare diseases (http://www.fda.gov/ ForIndustry/DevelopingProductsforRareDiseasesConditions/default.htm).
Conclusion
Although the care for patients with rare kidney diseases is frequently hampered by a multitude of diagnostic and therapeutic hurdles, it should not be viewed as insurmountable given the compelling medical and ethical reasons to address their needs. It remains essential to promote awareness of orphan kidney diseases and to better train nephrologists (and non-nephrologists) to recognize the clinical features of rare kidney disorders, use adequate diagnostic tools, and timely refer afflicted patients to expert centers. Unraveling the genetic basis of many of these diseases continues and will ultimately provide novel genetic risk factors to guide targeted interventional treatment and pharmacological therapeutics to stop or at least retard disease progression. The challenges of the future will be to translate the increasing molecular knowledge learnt into the understanding of, and yielding new insights relevant to, acquired more frequent disorders.
Editorial Comment
Meguid El Nahas, Sheffield, UK
In this minireview, Professor Neveen Soliman from Cairo University highlights the issues related to orphan and rare diseases in nephrology. This is a timely reminder of the challenges facing patients who suffer from orphan diseases as well as their health care providers. Whilst orphan drug development has been at the forefront of renal and nephrology research in the last decade, the cost of such treatment is increasingly prohibitive. Western governments including the USA and EU have supported orphan drug research and development, granting incentives of up to 10 years of exclusivity for manufacturers of such drugs receiving regulatory approval. Consequently, up to 1,500 drug applications have been filed over recent years in the EU alone, with more than 70 drugs being approved in Europe. Also, regulatory bodies have facilitated rapid drug marketing by granting conditional approvals based on limited data and conditional to ongoing monitoring and risk of withdrawal of approval if treatment impact was negative. However, work on orphan drugs could be under threat due to the economic downturn and the exorbitant cost: a single patient with an orphan disease can cost between GBP 100,000 and GBP 400,000 a year! Of note, the anticipated EU expenditure on orphan drugs will reach 4.6% of total EU pharmaceutical expenditure within the next 5 years. However, due to the economic downturn, Western economies are finding such costs increasingly unaffordable, whilst in emerging economies, such as Egypt, the price of orphan therapies was never affordable. This has encouraged a new brand of activism, bringing patient groups, researchers and specialists together to facilitate access to health care for orphan disease. Professor Soliman herself has set up EGORD (Egyptian Group for Orphan Renal Disease) with the mission of raising significant funds and increasing awareness for research and treatment of orphan diseases, such as cystinosis. This group, along with other organisations and networks highlighted in this minireview by Professor Soliman, may shift the pharmaceutical industry's attitude to developing and marketing orphan drugs. Whilst some industrialists continue to justify the cost based on years of research and the small market, others, such as Moncef Slaoui, head of research at GSK, recently stated that the industry needs to take a more responsible approach to pricing. It is imperative that pressure is put on the industry to provide affordable care for orphan and rare disease. It is unacceptable that economic downturns impact the health care of those who are sick and most vulnerable in our societies. It is one of the responsibilities of our nephrological community to engage manufacturers of orphan drugs in partnerships to deliver affordable healthcare to those with orphan disease. Such initiatives are nowhere more urgent than in developing countries.
